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ABSTRACT 



This specification and drawings disclose a display technol- 
ogy which displays an image by illuminating pixels of a 
display unit. The apparatus comprises an image signal 
processing circuit which processes an input image signal, a 
control circuit which controls display resolution information 
relating to the image displayed on the display unit, and a 
drive circuit which drives the display unit based on the 
output of an input signal processing circuit and the control 
circuit. The display resolution information is limited by the 
control circuit, and an image corresponding to an input 
image signal is displayed on the display unit when a time 
during which illuminated pixels are selected on the display 
unit, is shortened. 
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DISPIAY APPARATUS, DISPLAY METHOD In the prior art display apparatus, the aim was to faithfuUy 

AND CONTROL-DRIVE CIRCUIT FOR display the input signal, and techniques were used to 

DISPLAY APPARATUS improve image quality taking account of human visual 

BACKGROUND OF THE INVENTION characteristics, such as dither or error scatter processing to 

. . ,. _ 5 partially compensate for insufficient number of gradations, 

pis mvcntion relates to a display technique for a display, ^^^^^^j brightness, but all these techniques 

and in particular relates to a technique for displaymg an controlled signal amplitude, 

image by illuminating pixels of a display unit. . ir*i_ i.^^-.L.rT n 

7* , _ T 1- 1 1 J- 1 L- L • An example of the related art is that of Japanese Unex- 

Anexanyle of such display IS a pksma display which IS ^^^^ p^^^^^ PubHcation No. Hei 11-24628. In this 

of interest because It can easily be adapted to large panels. ^^c^^ion, a technique is disclosed for shortening the 

In this plasma display, the sub field method is generally ^^dress period by interlace scanning in sub fields corre- 

used wherein intermediate gradations between light- sponding to lower bits, and also a method for performing a 

emitting and non-Ught emitting are displayed. In this operation by selecting two scanning electrodes 

method, one field period is formed from plural periods to simultaneously instead of interlace scanning, but the specific 

which unique Ught-emitting weightmgs are assigned, and 15 signal-generating technique used is not disclosed, 

brightness gradation is represented by controlling the illu- i- u i- c *t. • 1 • j . 1 j • 

. *^ . \. f ■ 1 / 11 \ • u u E^ch line ot the image signal is data sampled in the 

mination and non-ilmmmation of pixels (cells) m each sub * r j- j*-. 1. 

„ ,j , , , , K ^ .J ^ vertical direction of one screen, and m order to interpolate 

field. In a plasma display wherein an address operation v j * u • * i .u i 

... r„ • 1 . u -11 ' .A A *• the samp hng data by interlace scamiing, the vertical reso- 

which specifies pixels to be illuminated and a sustam , *i 1 u j j . r 1 u ir 

^ u - *u ^ • 1 11, • ♦^^ lution must first largely be reduced to, for example, one half 

operation, wherein the specified pixels are illummated 20 . a r I a * u i *u J • *u 

/ A . 1- uA f A . A PP . *• • ^ so as to reduce chnch disturbance. In other words, in the 

(made to emit hght), are performed at different times, i.e., ... ... ^ i- j * w- 

11 J / :■ J I. pnor art interpolation of samplmg data, the resolution of the 

the so-called address/sustam separation method, one sub \. . ; , , * u • * • j j u 1* 

„ . . . . • J u • 1* display panel could not be mamtamed and a high-quality 

field penod comprises a reset penod which imtializes the j- , ,i^i...'t 

. . 11 / ■ 1 \ AA • J u * 1 display could not be obtamed. 

state of the ceUs (pixels), an address penod which controls ^ 

the iUuminadon/non-illumination of the cells (pixels), and a 25 . If samp hng data was mterpolated m tout 1^^^^^ 

susUin period which determines the light amount emitted by ^^^ical resolution to about half beforehand, high 

each cell when it is iUuminated. These periods are respec frequency signal components were converted to low- 

tively controUed by control pulses having a predetermined frequency signal components due to chnch disturbance and 

time Avidth. ^^^e quality detenorated. 

In the address period, address processing is performed 30 ^ ^^"^^^ adjacent upper and lower data are 

corresponding to Unes based on data which controls the uncondiUonally made the same, the display data may largely 

Olumination/non illumination of the pixels, so with high- ^ary and image quaHty may considerably detenorate. For 

resoluUon panels which have a large number of lines, the reason, some kind of processing is necessary. For 

address period requires a considerable time. If it is attempted example, with upper and lower adjacent pixel data , when 

to deal with this problem by shortening the sustain period, 35 ^® "PP^^ P™^ ^^^^ ^^^^^ ^^^^^ P^^^ ^^^^ 

sufficient brightness cannot be obtained due to the reduction ^^^^1 ^ ^ ^ub field representation with a Ught-emission 

of pixel light-emitting time, and if it is attempted to deal with weightmg having a power of 2, level 16 is represented by 

a problem by reducing the number of sub fields in one field [1^0,0] (1 is a Ught-emitting sub field and 0 is a Ught 

period, a sufficieut gradation cannot be obtained. For extinction sub field sUrting from the upper sub field), and 

example, it is attempted to construct a high resolution panel 40 ^^^^^ ^ [0,1,1,1,]. Here, assuming the same data by 

having a vertical resolution of 1000 lines where the address interpolating the sub fields corresponding to the lower three 

processing time is 2 per hoe, an address period of 2 ms bits at a rate of one line in two according to interiace criteria, 

(o2 /isxlOOO lines) per sub field is required. In general, it is ^o^^^ three sub fields [1,1,1] of level 15 [0,1,1,1] of the 

said that a gradation of about 256 (8 bits) is required to ^o^^r pixel are replaced by the lower three sub fields [0,0,0] 

display an image without deterioration of the image signal. 45 °^ ^^^^^ [1.0 AO,] of the upper pixel. As a result, the level 

If eight sub fields are formed in one field period (approx. ^^ich is displayed is [0,0,0,0], and a pixel at level 15 

16.6 ms) using this 2 ms address period per sub field, the becomes a pixel at level 0. Conversely, if the lower three sub 

total address period in one field is 16 ms (=2 msxS), so ^^^^ [1'0,0,] of level 16 of the upper pixel are replaced 

neady all of one field period is taken up by the address 1°^^^ three sub fields [1,1,1] of level 15 of the 

period. As a result, there is practicaUy no time left to allot to 50 ^""^^^ P™^' ^PP^' P^^^ ^^^^^ becomes level 31 

the sustain period in one field period, so not enough time is This extreme level fluctuation is responsible for 

available for panel illumination and the brightness of the flicker. 

image decreases. Also, if the number of sub fields is This invention aims to suppress this type of level fluc- 

decrcascd from, for example, 8 to 6, and the number of tuation and decrease of resolution by, for example, perform- 

gradations is decreased fi-om 256 to 64, a suflBcient number 55 ing processing so that data in predetermined sub fields 

of gradations cannot be displayed and the image quality becomes the same, and for example processing lower sub 

deteriorates. fields by referring to signals for common, plural lines. 

Another problem inherent in the sub field method is that SUMMARY OF THE INVENTION 
of false contour which causes the quality of moving images 

to degenerate. To reduce false contour, the distribution and 60 It is therefore an object of this invention to solve the 

center of light emission in one field is usually controlled. If above problems inherent ia the prior art, and to provide a 

the number of gradations that can be displayed is fixed, the display tcdinique which can produce a high resolution, 

number of light-emitting patterns that can be controlled may finely graded image. 

be increased by increasing the number of sub fields and there To achieve the above object, in this invention, the nec- 

is then a large false contour reduction, but if a sufficient 65 essary number of sub fields and display period length are 

number of sub fields cannot be obtained, it is diflScult to achieved by making fiill use of human visual characteristics 

reduce false contours. and the statistical characteristics of the image signal, and 



08/08/2003, EAST Version: 1.04.0000 



us 6,407^06 Bl 



15 



limiting the amount of resolution information in the display 
image to shorten the address period. 

This invention therefore provides the following: 

1) A display apparatus which displays an image by illimii- 
nating pixels of a display unit, the apparatus comprising 5 
an input signal processing circuit which processes an 
input image signal, a control circuit which controls dis- 
play resolution information relating to an image displayed 
on the display unit, and a drive circuit which drives the 
display unit based on the outputs of the input signal jq 
processing circuit and control circuit, wherein an image 
corresponding to the input image signal is displayed by 
driving the display unit with the drive circuit when the 
display resolution information is limited by the control 
circuit, and the illuminated pixel selection time of the 
display unit is shortened. 

2) A display apparatus using a sub field which illuminates 
addressed pixels of a display unit to display an image, 
comprising an image signal processing circuit which 
performs sub field conversion processing on an input 
image signal, a control circuit which controls display 20 
resolution information of an image displayed on the 
display unit and a drive circuit which addresses and 
illuminates pixels of the display unit based on the outputs 

of the input signal processing circuit and control circuit, 
wherein an image corresponding to the input image signal 25 
is displayed by driving the display unit with the drive 
circuit when the display resolution information is limited 
by the control circuit, and the address period which selects 
the illuminated pixels of the display unit is shortened. 

3) A display apparatus using a sub field which illuminates 30 
addressed pixels of a display unit to display an image, 
comprising a display unit on which the pixels are arranged 

in plural lines, an image signal processing circuit which 
converts an input image signal into sub field data showing 
illumination or extinction of each sub field, a smoothing 35 
circuit which performs control so that bit data of the sub 
field data are arranged in the plural lines of the display 
tinit, a control circuit which controls the address periods 
of the sub fields so as to arrange the bit data, and a drive 
circuit which addresses and illuminates pixels of the 40 
display unit based on the outputs of the image signal 
processing circuit, smoothing circuit and control circuit, 
wherein the image is displayed by driving the plural lines 
of the display unit while performing control to shorten 
address periods in predetermined sub fields, and arranging 45 
the bit data. 

4) A display apparatus using a sub field which illuminates 
addressed pixels of a display unit to display an image, 
comprising a display xmit on which pixels are formed in 
intersecting parts where first line electrodes and second so 
line electrodes are arranged to intersect, a conversion 
circmt which converts an input image signal to sub field 
data, a smoothing circuit which performs control so that 
bit data of the sub field data are arranged in plural lines of 
second line electrodes of the display unit, a control circuit ss 
which controls the address periods of the sub fields in 
which the bit data are arranged, and a drive circuit which 
forms a drive signal that drives the display unit based on 
the output of the control circuit, addresses pixels by 
driving at least the first line electrodes and illuminates the 60 
addressed pixels by driving the second line electrodes, 
wherein the image is displayed by driving the plural lines 

of second line electrodes of the display unit while con- 
trolling address periods in predetermined sub fields, and 
arranging the bit data. 65 

5) A display method for displaying an image by illuminating 
pixels of a display unit, comprising an input signal 



processing step for processing an input image signal, a 
control step for controlling display resolution information 
of an image displayed on the display unit and a drive step 
for driving the display unit based on the ou^uts formed 
by the input signal processing step and control step, 
wherein an image corresponding to the input image signal 
is displayed by driving the display unit when the display 
resolution information is limited and the illuminated pixel 
selection time of the display unit is shortened. 

6) A display method using a sub field for illuminating 
addressed pixels of a display unit to display an image, 
comprising an image signal processing step for perform- 
ing sub field conversion processing on an input image 
signal, a control step which controls display resolution 
information of an image displayed on the display unit, and 
a drive step which addresses and illuminates pixels of the 
display unit based on the outputs of the input signal 
processing step and control step, wherein an image cor- 
responding to the input image signal is displayed by 
driving the display unit when the display resolution 
information is limited by the control circuit, and the 
address periods arc shortened. 

7) A display method using a sub field for addressing and 
illuminating pixels of a display unit on which the pixels 
are arranged in plural lines so as to display an image, 
comprising an image signal processing step for converting 
an input image signal into sub field data showing illumi- 
nation or extinction of each sub field, a smoothing step for 
performing control so that bit data of the sub field data are 
arranged in the pliual lines, a control step for controUing 
address periods of the sub fields in which the bit data are 
arranged, and a drive step for addressing and illuminating 
pixels of the display unit based on the outputs of the 
image signal processing step, smoothing step and control 
step, wherein the image is displayed by driving the plural 
lines of the display unit while controUing address periods 
in predetermined sub fields, and arranging the bit data. 

8) A control-drive circuit for driving a display apparatus 
which displays an image by illuminating pixels of a 
display unit, comprising an input signal processing circuit 
which processes an input image signal, a control circuit 
which controls display resolution information of an image 
displayed on the display unit, and a drive circuit which 
drives the display unit based on the outputs of the input 
signal processing circuit and control circuit, wherein an 
image corresponding to the input image signal is dis- 
played by driving the display unit with the drive circuit 
when the display resolution information is limited by the 
control circuit, and the illuminated pixel selection time of 
the display unit is shortened. 

9) A control-drive circuit for driving a display apparatus 
using a sub field which illuminates addressed pixels of a 
display unit to display an image, comprising an image 
signal processing circuit which performs sub field con- 
version processing on an input image signal, a control 
circuit which controls display resolution information of an 
image displayed on the display unit, and a drive circuit 
which addresses and illuminates pixels of the display imit 
based on the outputs of the input signal processing circuit 
and control circuit, wherein Uie display resolution infor- 
mation in predetermined sub fields is limited by the 
control circuit, and the address periods of the display unit 
are shortened by the drive circuit 

10) A control-drive circuit for a display apparatus using a 
sub field which illuminates addressed pixels of a display 
unit to display an image, comprising an image signal 
processing circuit which converts an input image signal 
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into sub field data showing illumination or extinction of plasma display. In FIG. 1, 5101, 5102, 5103, 5104 are X 

each sub field, a smoothing circuit which performs control sustain electrodes, 5201, 5202, 5203, 5204 arc Y siistain 

so that bit data of the sub field data are arranged in plural electrodes, and 5300 and 5301 are address electrodes, 

lines of the display unit, a control circuit which controls The address electrodes 5300 and 5301 are formed on a 

address periods of the sub fields to arrange the bit data, 5 rear face plate, and the X sustain electrodes 5101-5104 and 

and a drive circuit which addresses and illiuninates pixels y sustain electrodes 5201-5204 are formed on a front face 

of the display unit based on the outputs of the image plate. Pixels are formed at the intersections of electrode pairs 

signal processing circuit, smoothing circuit and control of X sustain electrodes and Y stistain electrodes, and the 

circuit, wherein a drive output which controls address address electrodes. Due to discharges between these 

periods in predetermined sub fields and arranges the bit lO elearodes, pixels 5410, 5411, 5420, 5421, 5430, 5431, 5440 

data is obtained as an output for driving the plural lines of and 5441 are formed od a panel as shown in FIG. 1. 

the display unit. FIG. 2 is a diagram of the applied voltages of the Y sustain 

BRIEF DESCRIPTION OF THE DRAWINGS '^'"^'f'' 5201-5204 and addrc^ electrodes 5300-5301 in 

an address period according to the prior art. 

FIG. 1 is a schematic view of discharge cclb and elec- As shown in FIG. 2, a scanning pulse is applied in the 

trodcs in a plasma display. sequence Yl sustain electrode 5201, Y2 sustain electrode 

FIG. 2 is a descriptive diagram of electrode applied 5202, Y3 sustain electrode 5203 and Y4 sustain electrode 

voltages in an address period according to the prior art. 5204, and an address pulse which controls illumination/non- 

FIG. 3 is a diagram showing an example of a field oq illumination of every line is appUed to the AO address 

arrangement according to the prior art. electrode 5300 and Al address electrode 5301. 

no. 4 is a diagram showing a field arrangement accord- , «^^^J scamiing pulse is applied to the Yl sustain 

ing to a first embodiment of this invention. electrode 5201 at a tmie Tl to control lUuminatian/non- 

J. .J. ^, , illumination of the pixels 5410, 5411 in the first line. In this 

FIG. 5 IS a descnptive diagram of electode applied ^ ^ ^^^^^ ^ ,^ 

voltages in an address penod according to the first embodi- 25 ^^^^^^^^^^^^^ ^300 and Al address electrode 5301, so an 

men o is inven on, address discharge occurs between the AO address electrode 

FIG. 6 is a diagram showing a field arrangement accord- and Yl sustain electrode, and between the Al address 

ing to a second embodiment of this invention. electrode and Yl sustain electrode, which permits illumina- 

FIG. 7 is a diagram showing a field arrangement accord- lion in the sustain period after a wall charge is formed, 

ing to a third embodiment of this invention. Subsequently, address processing which controls 

FIG. 8 is a diagram showing a field anangement accord- illumination/non-illumination is performed for the pixels 

ing to a fourth embodiment of this invention. 5420, 5421 in the second line at a time T2, for the pixels 

FIG. 9 is a diagram showing an electrode applied voltage ^^^^^'^ ^ ^^^^ P^'^^ls 

in an address period according to the fourth embodiment of 35 ^"^^^ ^. ^'"^^ ^4, respectively. Due to this address 

this invention processing per hne, wall charges are formed in the cells, and 

T-r^ - . . the light emission in the sustain period is controlled. 

FIG. 10 is a block diagram of a typical construction of a r^rX 'y - j - j - r t 

display unit in which a sub field arrangement relating to the ^ ^ ^ descnpUve drawing of the pnor art techmque 

embodiments of this invention is applied. ^^^"^^^ typical field arrangement wherem one field 
^, . , , , , . , ,40 comprises three sub fields (SFl, SF2, SF3). 

FIG. 11 IS a block diagram of a typical construction of a , . - j» c • -.a - . i- 

^ ^.u' «f m/^ in In FIG. 3, 10 IS a reset period for mitializmg the state of 

smoothing circuit of FIG. 10. *u u n ■ t. u • 

the discharge cells in each sub field, 20 is an address penod 

FIG. 12 IS a figure showing another example of electrode ^^1^^ ^^^ntrols the illumination^on-illumination of the pix- 

applied voltages in an address period relative to the embodi- ^ ^^^^ ^^^^^ 33^ 33 sustain periods which 

ments of this mvention. determine the light emission amounts in the respective sub 

FIG. 13 is a display mode descriptive drawing when fields, 

address periods are shortened according to this invention. in these sustain periods 31, 32, 33, for discharge cells 

FIG. 14 is a schematic layout diagram of discharge cells wherein a wall charge was formed in the address period 20, 

and electrodes in the case of odd field display of a plasma light emission occurs according to the number of sustain 

display which performs interlacing. 50 pulses. In this sub field scheme, a light emission weighting 

FIG. 15 is a schematic layout diagram of discharge cells corresponding respectively to the sub fields SF1^F3 is 

and electrodes in the case of even field display of a plasma assigned to represent gray scale. In the example of FIG. 3, 

display which performs interlacing. the number of sustain pulses in the sustain periods 31, 32, 33 

FIG. 16 is an operating mode diagram of a processing of^^^^^ fields SFl-SR is arranged to be approximately 

circuit 202 shown in FIG. U. "^'^rl m proportion to the hght emission weighting of each 

r^r-^'^- i_i 1 J- r * • 1 . sub field. In this way, it is possible to represent a level of 0 

no. 17 is a block diagram of a typica arrangement of the ^^^^^ ^^^^ g^j^ ^^.^ ^ ^^^^j 

processing circuit 202 shown in FIG. U. ^ ^^3^2+1) where all the sub fields SF1^F3 emit light. 

FIG. 18 is a block diagram of another typical arrangement Here, the maximum brightness (level 7) which can be 

of the prooessmg circuit 202. gg displayed is determined by the sum of the number of sustain 

DETAILED DESCRIPTION OF THE pulses in each of the sustain periods 31, 32, 33 of the sub 

PREFERRED EMBODIMENTS ^^^^ SF1-SF3. Therefore, if the time which does not 

contribute to hght emission in one field, e.g., the address 

Specific embodiments of this invention will hereafter be period 20, becomes too long, sufficient brightness cannot be 

described referring to the drawings. 65 maintained, and it will no longer be possible to obtain a good 

FIG- 1 shows a schematic view of the arrangement of image. An address period 20 proportional to the number of 

discharge cells and electrodes in an ordinary AC 3 electrode display lines is required for one sub field. For this reason, if 



08/08/2003, EAST Version: 1.04,0000 



us 6,41 

7 

it is attempted to manufacture a display panel of high 
resolution, a sufficient number of sub fields cannot be 
provided, the gradation of the display will be inadequate, the 
brightness wiU decline and the image will deteriorate. 

FIG. 4 relates to a first embodiment of this invention, and 
is a drawing of a typical field arrangement where the address 
period of the lower sub field SF3 which has a small light 
emission weighting is set to one half of that in the conven- 
tional frame arrangement shown in FIG. 3. 

In FIG. 4, 21 is the address period of the lower sub field 
SF3, and it is one half of that in FIG. 3. 

In FIG. 4, in the sub fields SFl, SF2, as in the case shown 
in RG. 3, discharge cells are initialized in the reset period 
10, and illtimination/non-illumination pixels are selected for 
every line in the address period 20. In the sustain periods 31 
and 32, the pixels chosen in the address period 20 are made 
to emit light according to their respective hghl emission 
weighting. In the sub field SF3, in the address period 21 
which follows the reset period 10, address control process- 
ing is performed in half the time per Line by performing 
address processing on two adjacent lines simultaneously. 

FIG. 5 is a descriptive drawing relating to this 
embodiment, and shows the voltages applied to the Y sustain 
electrodes 5201-5204 and address electrodes 5300-5301 in 
the address period. 

As shown in this figure, for the Yl sustain electrode 5201 
and Y2 sustain electrode 5202, address processing is per- 
formed using identical data for two Unes simultaneously by 
simultaneously applying scanning pulses. After the Yl sus- 
tain electrode 5201 and Y2 sustain electrode 5202, address 
processing of the Y3 sustain electrode 5203 and Y4 sustain 
electrode 5204 is performed simultaneously. Thus, by simul- 
taneously applying a scanning pulse to and addressing two 
Unes at a time, the time required to scan all the lines on the 
screen can be shortened to one half. 

In the example shown in FIG. 5, address processing was 
performed on two lines simultaneously, but three or four 
lines may also be processed simultaneously in which case 
the required address time is 1/3 or 1/4. Further, this short- 
ening of the address period is not limited to the lowest sub 
field SF3 with the smallest light emission weighting, and 
may be performed for the sub field SF2 or to both the sub 
fields SF2, SF3. Another possibility is to perform address 
processing on two lines simultaneously for the sub field SF2 
to shorten the processing time to 1/2, and to perform address 
processing on three lines simultaneously for the sub field 
SF3 to shorten the processing time to 1/3. Due to this 
processing, although vertical resolution information in lower 
sub fields with small light emission weighting will be lost, 
flat parts of the image can be displayed smoothly without 
any problem and signals for edge parts can be reproduced by 
higher sub fields with a large light emission weighting, so a 
bright image can be displayed with hardly any image 
deterioration. 

Hence, according to this embodiment, by reducing the 
number of address control data in a specific sub field, 
address periods which do not directly contribute to Ught 
emission in one field are shortened, and the shortened parts 
can be added to the sustain periods 31, 32, 33 to extend these 
periods to gain higher brightness, or the number of sub fields 
can be increased by these shortened parts to gain higher 
image quality 

According to this embodiment, address processing is 
performed on two adjacent Unes simultaneously by identical 
data. Due to image correlations, similar data tends to be 
obtained between neighboring pixels, and as processing is 
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performed on the sub field SF3 which has a small light 
emission weighting, the address processing time can be 
shortened with almost no image deterioration. 
FIG. 6 shows a second embodiment of this invention 

5 wherein a sub field SF4 is added to the frame arrangement 
of the prior art shown in FIG. 3, and the address periods of 
the lower sub fields SF3-SF4, which have a low light 
emission weighting, are set to 1/2. 
in FIG. 6, 21 is the address period of the sub fields SF3, 

IQ SF4, and is half that shown in HG. 3. 34 is the sustain period 
of the sub field SF4. The remaining features correspond to 
features of FIG. 3 designated by the same symbols. 

In FIG. 6, in the sub fields SFl, SF2, the discharge ceUs 
are initialized in the reset period 10, and selection processing 
of iQumination/non-illumination pixels is performed for 
every Une in the address period 20, as in the case of FIG. 3. 
In the sustain periods 31 and 32, the pixels chosen in the 
address period are made to emit Ught according to their 
respective light emission weightings. In the sub field SF3, in 
the address period 21 following the reset period 10, address 
processing is performed in half the time by performing 
address processing on two lines simultaneously, and 
illumination/non-illumination is controlled two lines at a 
time by equal data. In the sustain period 33 which foUows 
this, the lines selected by the address processing are made to 
emit light. Likewise, in the sub field SF4, in the address 
period 21 which foUows the reset period 10, address control 
processing is performed in half the time by performing 
address processing on two lines simultaneously, and in the 
sustain period 34, the cells selected by address processing 
are made to emit Ught. 

Thus, according to the embodiment of FIG. 6, by making 
the address period 21 of the sub fields SF3, SF4 half the 
original period, the four sub fields SF1-SF4 can be provided 

25 within one field period, and 16 levels can be displayed by 
setting the Ught emission ratio of the sustain periods 31, 32, 
33, 34 to 8:4:2:1. In this embodiment, the address period of 
the sub field SF4 was added, but as the address periods of the 
sub fields SF3 and SF4 are halved, the sum of the address 

^ periods of all the sub fields SF1-SF4 within one field period 
is almost equal to that of the prior art arrangement shown in 
FIG. 3. Thus, the number of display levels can be increased 
while effectively maintaining the same brightness as that of 
the prior art, and a high quality image can be displayed. 

45 FIG. 7 shows a third embodiment of this invention 
wherein the sub field SF4 is added to the prior art frame 
composition of FIG. 3, and the address periods of the lower 
sub fields excepting the lowermost sub field SF4 are halved. 
A numeral 21 is the address period of the sub fields SF2 and 

5Q SF3, and 34 is the sustain period of the sub field SF4. The 
remaining feattires of the arrangement correspond to those 
of FIG, 3. 

In the third embodiment, as shown in FIG. 7, address 
processing is performed on all lines in the sub fields SFl and 

55 SF4, and address processing is performed by identical data 
two lines at a time in the sub fields SF2 and SF3. 

According to this third embodiment, the address period 21 
of the sub fields SF2 and SF3 is approximately half that of 
the usual address period 20, and the total address period 

60 within one field period can be made effectively equal to that 
of the three sub fields of the prior art method shown in FIG. 
3, as in the case of the above-mentioned second embodi- 
ment. Hence, the number of display levels can be increased 
while maintaining effectively the same brightness as that of 

65 the prior art. 

According to this third embodiment, imlikc the aforesaid 
second embodiment, the lowermost sub field SF4 controls 
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ilhiminationAioii-Dlmnination of each line, so image detc- uppennost sub field, address control may be performed per 

rioratioD can be reduced wbcn a pseudo-intermediate gra- line as in the prior art. 

datioD such as the dither or error diffusion method is used in As an example of an application of this embodiment, there 

conjunction. In the dither or error diflftision method, the is also an arrangement wherein a change-over is performed 

average brightness is simulated by turning a minimum 5 as necessary between a high resolution/low brightness dis- 

gradation step ON or OFF. For example, if the minimum play mode wherein the address period is not shortened at all, 

gradation step is set to 1, a level of 0,5 can be simulated by and a low resolution/high brightness mode wherein the 

alternately turning this minimum step ON and OFF, hence a address period is shortened for a large number of sub fields, 

finer intermediate gradation can be expressed by changing For example, when the display is used as a computer 

the ratio of this ON/OFF. Although it is possible to simulate monitor or the like, it is set to the high resolution display 

more levels than the real number by applying this pseudo- mode where address periods are not shortened at all, and 

intermediate gradation, there is the disadvantage that the when it is used to dL^lay video signals, a change-over is 

ON/OFF pattern of the minimum step level is visible as made to the high brightness display mode where, of the eight 

granular noise. In the level representation based on the sub sub fields SF1-SF8, the two sub fields SF5, SF6 are dis- 

field scheme, this minimum step level corresponds to the played using identical data for two lines, 

fight emission amotmt of the lowermost sub field. Moreover, The brightness adjustment range can also be expanded, 

as a plasma display, etc., does not have the same gamma for example the address period may be shortened for three 

characteristic as a conventional CRT, the display gradation or more sub fields depending on the brightness of the 

on the low brightness side lends to be rather coarse. surroundings where the display apparatus is installed, on 

Therefore, if a pseudo-intermediate gradation is appHed, ^ user settings, and on image signal levels, 

interference due to the granular noise produced when it is FIG. 8 is a descriptive diagram of a fourth embodiment of 

attempted to simulate the gradation between the black level this invention wherein, of the sub fields SF1-SF4, the 

and the minimum step level when the lowermost sub field is address periods of the lower sub fields SF2, SF3 excluding 

ON, is usually conspicuous. In the above first and second the lowermost sub field SF4 arc set to half, and the light 

embodiments, the lowermost sub fields SF3 and SF4 in each ^ emission ratio of their sustain periods is made identical A 

case are controlled by identical data two lines at a time, and ntuneral 21 is an address period shortened by data thinning 

the grain of this granular noise becomes large and causes with a first phase of the sub field SF2, 22 is an address period 

image deterioration, but in this third embodiment, the low- shortened by data thinning with a second phase of the sub 

ermost sub field SF4 is controlled for each dot, so interfer- field SF3, 32, 33 are sustain periods of the sub fields SF2, 

ence due to granular noise is suppressed. SF3 which both have the same light emission ratio, and 34 

It is known that in the case of an ordinary natural image, is the sustain period for the sub field SF4. 

the differential information ampfitude distribution of adja- According to this fourth embodiment, the light emission 

cent pixels is a Laplacian distribution. This has the charac- ratio of the sub fields SF1-SF4 is not a power of 2 such as 

teristic that the occurrence frequency of low ampfitude 1:2:4:. . . , and the light emission amounts of the sub fields 

differential information near 0 is high, and the occurrence 35 SF2, SF3 are made identical. Specifically, a light emission 

frequency of high ampfitude differential information is low. weighting of, for example, 4:2:2:1 is adopted. By using a 

This shows that when attention is directed to two pixels in fight emission ratio different to that of a power of 2, although 

the vertical direction, the difference between the two is the number of levels which can be displayed by the same 

usuaUy 0 (same level) or very small. nxunber of sub fields decreases, there is an advantage in that 

In the above first and second embodiments, to control the 40 false contour interference which is inherent in the sub field 

fight emission of the lowermost sub fields SF3 and SF4 by method can be reduced. 

the identical data for two fines, when the difference between According to this fourth embodiment, the address periods 

the two is 0 (same level), tiie image can be displayed without 21, 22 are compressed for the two sub fields SF2, SF3 which 

any deterioration of quafity. On the other hand, in the third have equal fight emission weightings, and data is thinned 

embodiment, as the lowermost sub field SF4 is controlled 45 with different phases for the sub fields SE2, SF3. In the 

independentiy in fine units, the image can be displayed address period 21 of the sub field SF2, as shown in FIG. 5, 

without any deterioration of quafity not only when the equal scanning pulses are applied to the Yl sustain electrode 

difference between the two pixels is 0 (same level), but also and Y2 sustain electrode, the first line and second line are 

when it is within a minimum gradation step. addressed by identical data, scanning pulses are simulta- 

Hencc, according to this third embodiment, by indepcn- 50 ncously applied to the Y3 sustain electrode and Y4 sustain 

dently controlfing the lower sub fields SF2, SF3 including electrode, and the third fine and fourth line are addressed by 

the lowermost sub field SF4, image deterioration can be the same data. However in the address period 22 of the sub 

reduced in the range where an adjacent pixel difference, field SF3, as shown in FIG. 9, equal scanning pulses are 

which occurs frequently, is small. appfied to the Y2 sustain electrode and Y3 sustain electrode, 

According to this third embodiment, signals in the edge 55 the second line and third fine are addressed by the same data, 
part of the image which contains a lot of information, scarming pulses are simultaneously appfied to the Y4 sustain 
although their occurrence frequency is low, are correcUy electrode and Y5 sustain electrode, and the fourth line and 
represented by independently controlling the upper sub fifth fine are addressed by identical data. Due to this 
fields, including the uppermost sub field, so image deterio- construction, by making it possible to perform address 
ration can be further reduced by decreasing the address 60 processing on, for example, the Y2 sustain electrode select- 
period overall. If this is appHed to a high gradation image, ing either identical data to that used for the Yl sustain 
for example in the case of eight sub fields SF1-SF8 having electrode or identical data to that used for the Y3 sustain 
a fight emission ratio of 128:64:32:16:8:4:2:1, which can electrode, the optimum processing can be selected and 
represent 256 gradations, the two sub fields SF5, SF6 can be image deterioration due to shortening of the address period 
displayed by identical data for two lines, while for the lower 65 can be reduced. 

sub fields SF7, SF8 including the lowermost sub field, and In the method where identical data is used for processing 

the upper sub fields SFl, SF2, SF3, SF4 including the two lines in one pair, the data for the two lines may easily 
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comprise similar values and there is a possibility that the sequential coaversion circuit 3, and written in pixel units in 

interference known as line pairing may occur. However the frame memory 301 provided in the sub field sequential 

according to the fourth embodiment, as there are two kinds conversion circuit 3. In other words, one field portion of the 

of line pair processed by identical data, line pairing is not bit SO showing illumination or non-illumination of the sub 

conspicuous. To reduce this line pairing, even in sub fields 5 field SFl is read, the bit SI showing illumination or non- 

having dififcrent light emission weightings as in the aforesaid illuniination of the sub field SF2 is read and S2, S3, , . . S7 

second and third embodiments, the phases of the thiimed are read in sequence, and then these are output as address 

lines can be staggered Alternatively, the phases of the data to construct the sub fields. In this process, in sub fields 

thinned lines may be changed in field units, for example the where the address period is compressed, one line of two is 

fines in the pairs may be changed in odd fields and even 10 thinned out and data corresponding to half the number of 

fields. Unes is re ad as address data. Subsequently, signal conversion 

Hence, according to this fourth embodiment, the address and pulse insertion are performed by the drive circuit 4 to 

period can be shortened while still suppressing false contour drive the di^lay elements, and the matrix display panel 5 is 

interference, and a display apparatus having high brightness thereby driven. 

or excellent gradation characteristics can be provided. 15 A scanning pulse output simultaneously with the address 

FIG. 10 shows an example of a display apparatus in which data of the address period is output with the timing shown 

the sub field arrangement of the aforesaid embodiments is ^ 2 in sub fields in which address processing is 

applied performed in ordinary line units, and output with the timing 

In FIG. 10, 101, 102, 103 are respectively AA) conversion f ^^^f^ ^^^^^ 

circuits for converting R, G, B signals to digital signals, 2 is ^ P"^f is perfomied smiultaneously for two hues and the 

a sub field conversion circuit wherein A/D converted binary "'"^'^^ P^"°^ ^ compressed. 

digital signals are converted to sub field data representing construction, the address penod can be short- 
illumination/non-illumination of sub fields, 200 is a control ^^^^ predetermined sub fields, and a display apparatus 
bit smoothing circuit provided in the sub field conversion having higher brightness or higher image quality than that of 
circuit 2 which smoothes control bits corresponding to sub P^^^^ manufactured. 

fields where address periods are compressed, 3 is a sub field In the above construction, all the data was written into the 

sequential conversion circuit which converts sub field data frame memory 301, and one line in every two was thinned 

expressed in pixel units into a surface sequence format in when the address period was compressed in the read stage, 

sub field units, 301 is a frame memory provided in the sub thinning may instead be performed in the write stage. In 

field sequential conversion circuit 3 which represents sur- this way, memory capacity can be reduced, or the image can 

face sequences in bit units, 4 is a drive circuit which, by be displayed with a higher resolution or more gradations 

inserting pulses necessary for driving, converts signals con- using a memory of the same capacity, 

verted to a surface sequence format in sub field units into When the number of sub fields is increased, or false 

voltages (currents) for driving the display apparatus, 5 is a ^5 contour interference reduction processing is performed by 

display panel on which different gradations are represented assigning a light emission weighting different to that of a 

by the sub field scheme, and 6 is a control circuit for power of 2, a conversion to a sub field light emission pattern 

generating control signals required for each block such as a is performed from the input image signal level in the sub 

dot clock CK, horizontal sync signal H and vertical sync field conversion circuit 2. For example, when an image 

signal V which comprise timing information for the input ^ signal input in 8 bits is displayed by 10 sub fields, the 8 bit 

image signal. input signal is converted to 10 bit sub field data by a 

Herein, the input signals R, G, B signals are converted to combination of logic circuits or a lookup table, 

digital signals by the A/D conversion circuits 101, 102, 103. Next, the construction of the control bit smoothing circuit 

These digital signals are based on ordinary binary 200 will be described referring to FIG. U. 

expressions, each bit having a weighting of a power of 2. 45 In FIG. 11, 201 is a line memory for delaying sub field 

Specifically, when an 8-bit signal bO, bl, . . . b6, bl is data by one line, 202 is a processing circuit for converting 

quantized, the least significant bit bO has a weighting of 1. two inputs PI, P2 by a control signal CB so that specified bit 

bl has 2, b2 has 4, b3 has 8, and b7 has 128. The digital data is the same, and outputting them as outputs 01, 02, 203 

signals are converted into sub field data representing is a line memory for delaying the output 01 of the processing 

illumination/non illumination of sub fields by the sub field 50 circuit 202 by one line, and 204 is a change-over circuit for 

conversion circuit 2. This sub field data comprises inform a- changing over and outputting two inputs a, b in line units, 

tion about numbers of bits corresponding to numbers of sub Herein, as sub field data S wherein illumination/non 

fields which display the image. If the image is displayed by illumination of each sub field corresponds to bit data, the 

eight sub fields, the data comprises an 8-bit signal SO, SI, . . . input PI of the line memory 201 and processing circuit 202 

S7. The bit SO shows whether or not the corresponding pixel 55 is input. Sub field data delayed by one hoe by the Une 

emits light during the light-emitting period of the first sub memory 201 is input to the input P2 of the processing circuit 

field SFl, and likewise, SI, S2, . . . correspond in order to 202. In the processing circuit 202, a conversion is performed 

the sub fields SF2, SF3. so that predetermined bit data is equal relative to sub field 

In the control bit smoothing circuit 200, smoothing is data for two vertically adjacent pixels for the present line 

performed on the control bit corresponding to the sub field 60 and the immediately preceding line using sub field data from 

for which the address period is compressed. In other words, the input PI and sub field data delayed by one line from the 

as addressing is performed using an identical control bit for input P2. Sub field data on which this conversion processing 

two lines simultaneously, a conversion is performed so that has been performed is output by the processing circuit 202 

the corresponding control bit comprises identical data for as the outputs 01, 02, As the outputs 01, 02 of the processing 

sub field data one line higher or sub field data one line lower 65 circuit 202 are sub field data for vertically adjacent pixels on 

which constitute a pair. This control bit smoothing will be the screen, by delaying the output 01 by one Une in the line 

described later This sub field data is input into the sub field memory 203 and changing over the change-over circuit 204 
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every line to scquentializc two line signals, the outputs arc In FIG. 13, the vertical axis shows the time axis, and 

converted to sub field data D wherein prcdetcnnined bit data represents a time distribution of the processing assigned in 

has the same value for two lines. one field period. The horizontal axis shows the set values of 

TTie position of the bit which is processed by the pro- maximum brightness, and shows that the time distribution of 

cessing to circuit 202 to give the same bit data is determined 5 sub fields SF1-SF4 changes between four modes A, B, C, D 

by the control signal CB, and it is possible to set the sub field according to the setting range of this maximum brightness, 

in which the address period is shortened. The setting when Herein, SE^l, SF2, SF3, SF4 represent the address periods of 

no address period shortening is performed at all is also the respective sub fields SF1-SF4, and the shaded regions 

performed by the control signal CB, in which case the input represent the total number of sustain pulses of all sub fields 

PI is output as the output 01 without modification and the in one field period. 

input P2 is output as the output 02 without modification by As shown in FIG. 13, in the region A which has a low 

the processing circuit 202. maximum brightness setting, all sub fields are displayed 

In the sunplest arrangement of the processing circuit 202, without shortening address periods. In the region B which 

predetermined bit data of the input PI is output without has a slightly higher set brightness, the address period of the 

modification as bit data at an identical position of the input sub field SF4 is shortened, and the resulting firee time is 

P2. In this way, the two bit data can be made equal. assigned to the sustain period to achieve high brightness. In 

Alternatively, bit daU of the input P2 can be output as bit the case where the maximum brightness setting is increased 

data at an identical position of the input PI. Either of these in regions C and D, the address periods of the sub fields SF3 

methods may be selected to minimize discrepancies from the and SF2 are successively shortened to 1/2 in addition to the 

input signal. Other arrangements may also be used provided lowermost sub field SF4, and a sustain period which can 

that the bit data specified by the control signal CB is the ^ achieve the set brightness is obtained, 

same in the outputs 01, 02, and the difference from the input in this example, the case is shown where the address 

signal due to the conversion is small. In this case, the period was shortened to 1/2, but it may be shortened to 1/3 

arrangement may also be such that signals other than the bits 1/4, Alternatively, after first shortening to 1/2, the setting 

specified by the control signal CB are modified to make the j^^y be changed to 1/3 or 1/4 to further lengthen (extend) the 

difference from the input signal due to conversion small. 25 sustain period and achieve improved brightness. 

In the afore^d embodiments, to shorten the address ^ ^ ^ shortening of 

periods of specified sub fields, scamimg pulses were applied .^dressperiod was not performed and consequently only the 

to two unes simultaneously and address processing was ^- j/l i.^ j- ^ ai: 

- , 1- . t- • T-i^ « T^r> sustain penod/bnghtness corresponding to region A shown 

performed on two unes together, as shown m FIG. 5 or FIG. t-t/^ i-i ij l j a j- . .u^ • 

j; _f • *t-- • jj J i_ in FIG. 13 could be used. According to this invention, 

9. By performing this processmg, the address penods can be 30 1 w • r • i- j • 

, i , ^ , . 1. display resolution information IS limited as necessary as m 

shortened, but as a discharge occurs two hnes at a time when .1. cn j l - u l • -li j 

. , * . . r J *i. • ui • *u * the case of B, C, D, and higher bnghtness is possible due to 

address processmg is performed, there IS a problem in that ^ j j * • • j 

,^ , jj J- i_ *• the extended sustain period. 

the peak value ofthe address discharge current mcreases. To ^ , . . . . 

avoid this problem, FIG. 12 shows a case where pulses are ^ > """^ ? ^° this invention a still wider range of 
applied at different times to two Unes comprising Yl sustain 35 brightness settmgs is possible dependmg on the bnghtne^ 
electrode and Y2 sustain electrode, or Y3 sustain electrode environment where the display apparatus is situated, 
and Y4 sustain electrode pairs. Due to this arrangement, °^ ^^^J>^ ^"""^ on image signal levels, and a high- 
increase of peak discharge current can be suppressed, and ^^^^y^ high bnghtness display apparatus can be produced, 
the driver circuit can be made smaUer and more compact "ence, any image quality can be easily obtamed according 
which is economical. In this case, the address processing 40 r'^*" ? • ^ S'' computer momtors 
periodmaybedelayedbyaperiodTDcomparedtotheusual resolution is required wi^out demanding high 
address timing. Alternatively, as it may be expected, due to bnghtness, where^ m the case of films or video displays, a 
the priming effect which accompanies adjacent pixel dis- ^^f ^' ^^^^y ^P^^y ^^^^^ ^^^^^ 
charges ofthe Yl sustain electrode and Y3 sustain electrode, resolution. 

that the discharge liming of latter lines of the Y2 sustain 45 aforesaid embodiments are all based on the method 

electrode and Y4 sustain electrode will be advanced, the ^^^^e address and sustain are separate, but the same effect 

scanning pulse width of latter fines may be made narrower ^ obtained by shortening the address periods even in 

with the usual address processmg period. As a result of this multi-drive systems where the address and sustain periods 

arrangement, the address period can be shortened at a peak overlap in the field. 

discharge current which is of the same order as in die prior 50 ^his invention may also be applied, by varying the 

art. FIG. 12 shows the case where the Yl sustain electrode positions of light emitting Unes for each field relative to an 

and Y2 sustain electrode, and Y3 sustain electrode and Y4 interlaced input signal, to the plasma display apparatus 

sustain electrode, are combined in pairs two lines at a time, disclosed in Japanese Unexamined Patent Publication No. 

but instead of two lines, three lines or four lines may be Hei 9-160525 which displays an interlaced scanning signal, 

processed simultaneously. In this case also, scanning pulses ss FIG. 14 and FIG. 15 schematically show the layout of 

may be applied with different timings so that the address discharge cells and electrodes in a plasma display which 

discharges are not duplicated. The situation is the same when performs interiacing. FIG. 14 shows the case of odd fields, 

fine pairs are staggered, as in the case of the Y2 sustain and FIG. 15 shows the case of even fields, 

electrode and Y3 sustain electrode, and the Y4 sustain In FIG. 14 and FIG. 15, 5101, 5102, 5103, 5104 are X 

electrode and Y5 sustain electrode, and scanning pulses for 60 sustain electrodes, 5201, 5202, 5203, 5204 are Y sustain 

latter lines may be applied with a certain delay. electrodes, and 5300, 5301 are address electrodes. The 

Next, FIG. 13 shows the relation between a high address electrodes 5300, 5301 are formed on a rear face 

resolution/low brightness display mode when no shortening plate, while the X sustain electrodes 5101-5104 and Y 

of address period is performed, and a low resolution/high sustain electrodes 5201-5204 are formed on a fi^ont face 

brightness display mode when the address period is short- 65 plate. 

ened for a relatively large number of sub fields, in the case To produce an interlaced scanning display, when an odd 

of the display apparatus of this invention. field is displayed, pixels are formed by discharge light 
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emission between the Y sustain electrodes and X sustain wherein the lower n bits of fO are unchanged. In other words, 

electrodes 5201-5101, 5202-5102, 5203-5103 as shown in the lower n bits of 01, 02 can be treated as equal daU. 

FIG. 14. Likewise, when an even field is displayed, pixels Strictly speaking, wben there is no carrying or borrowing 

are formed by discharge light emission between the X from the lower bits, addition and subtraction give the same 

sustain electrodes and Y sustain electrodes 5101-5202, 5 result (square law computation (modulus 2)), so the data in 

5102-5203, 5103-5204 as shown in FIG. 15. In this way, an the lower n+1 bits can be converted to be the same in 01, 

interlaced scanning display is produced by offsetting the 02. The average value (01+02)/2 of the outputs 01, 02 is 

positions of light-emitting pixels in odd/even fields of an then always equal to the average value fO of the inputs PI, 

interlacing signal. P2, so the average signal level of plural lines, e.g. two 

The positions of light-emitting pixels in odd fields and lO adjacent lines, can be maintained the same. Further, the error 

even fields are controlled by the phase of the sustain pulses involved in sharing the lower bits is scattered in (|fl-fl'|) 

applied to the X sustain electrode and Y sustain electrode, units equally between 01, 02, so there is no bxiilt-up of 

and light emission/non-light emission of pixels in corre- conversion error in specific pixels, and the mean square 

spending sub fields is controlled by address discharge deviation between the input image and the image after 

between the address electrodes 5300, 5301, and Y sustain 15 conversion can be minimized. When fl=fl', it is clear that 

electrodes 5201, 5202, 5203, 5204. la other words, the Pl=01, P2=02, so the question of whether the lower few 

control of light emission/non-light emission of a pixel 5410 bits shoidd be shared can be determined by the quantizing 

is determined by address discharge between the Y sustain characteristics of a quantizing circuit 207 from fl to fl'. 

electrode 5201 and address electrode 5300 for both odd Next, the layout of the processing circuit 202 will be 

fields and even fields, and whether the pixel is formed at the 20 described referring to FIG. 17. 

position shown in FIG. 14 or at the position shown in FIG. In FIG. 17, 205, 208 are addition circuits, 206, 209 are 

15 is determined by the conditions under which the subse- subtraction circuits, 207 is the quantizing circuit whereof the 

quent sustain pulse is applied. Therefore, the fiinction of the characteristics vary according to the external control signal 

address periods is the same as in the prior art plasma display CB, and 202 is the processing circuit. The vertically adjacent 

shown in FIG. 2 for both even fields and odd fields, 25 pixels PI, P2 input by the processing circuit are input to the 

sequential scanning pulses being applied to the Y electrodes, addition circuit 205 and subtraction circuit 206. In the 

and the address electrodes AO, Al being controlled accord- addition circuit 205, addition of PI and P2 is performed, and 

ing to the fight emission/non-light emission of pixels. the average value fO is computed as shown by Equation (1). 

Therefore, the technique of the present invention whereby 1° subtraction circuit 206, the subtraction P1-P2 is 
plural lines are simultaneously addressed by identical data to performed, and tiie value fl is calculated based on the 
shorten the address period may also be appUed to a prior art difference shown in Equation (2). fl is input to the quantizing 
plasma display. In Uiis case, lower SF data of adjacent plural ^^^^ ^07 and converted to fl'. The quantizmg cu-cuit 207 
fines which are input in an interlaced format in the field are performs processing so that the lower bits specified by the 
shared, and for image signals synthesized in one frame, control signal CB are The signal fl', wherein desired 
images are distant fi-om each other in a verticd direction and lower bits have been converted to 0 by the control signal CB, 
image correlation is low. As a result, compared to a prior art ^ ^^ded to to generated by the addition circuit 205 in the 
sequential scanning plasma display, the number of fines addition circuit 208. and the result is output as the conver- 
having identical data is no more than two, and sub fields ^ion output 01. In the subtraction circuit 209, fO is sub- 
having the same data are Umited to those with a low tracted from fl', and the result is output as the conversion 
fight-emission weighting, so visible image deterioration is ^ °^*P^^ ^"^^ ^^^""^ arrangement, image deteriora- 
prevented. ^® ^®P' ^ minimum, and lower bit data of two 

Next, the construction and operation of the processing ^°f^ shared, 

circuit 202 of the control bit smoothing circuit 200 will be " "^^V. ^ "y d^"dnig the lower bite, the 

described referring to FIG. 16 and FIG. 17. computaUonal proce^ing can be reduced to 1/2. Although 

„^ . . . . , . r ■_ '•5 nol shown, this may be reduced to 1/2 by the outputs of the 

- 16 schematically shows pixel amplitudes of the addition circuit 205 and subtraction circuit 206, a; shown in 

signds PI, P2 input to the preceding circiut 202, which are Equations (1) and (2). Alternatively, to reduce rounding 

signals for two adjacent fines, and the pixel amplitude of the ^^^^ computation step, it may be reduced to 1/2 in 

processing outputs 01, 02. ^^^p^^ addition circuit 208 and subtraction 

As lower bits have tiie smallest error due to mterconver- 50 circuit 209. The quantizing characteristics of the quantizing 

sion witii input pixels (the input image?), and desired lower circuit 207 are controUed by the control signal CB, so the 

bits are shared by adjacent pixels, the average to value fO of question of which lower bits and how many bits are shared, 

input signals and the value fl based on their difference may ^ controUed by the settuig of the external CB. 

be calculated by the following equations (1) and (2), n may be considered that the average signal level fO of 

p=(Pi+^P2)/2 (1) ^o lines shown here is a low frequency component in the 

vertical direction of the image, and the value £L based on the 

fi'iPi'Fl)/! (2) difference of the two fines is a high firequency component in 

Next, the lower n bits of fl are converted (quantized) to vertical direction. Due to the quantizing circuit 207 the 

become 0, which will be written as fl'. Using this fl', the ^'ghf^qu^cy component fl m the verUcd direcUon is «0" 

output signals 01, 02 are found by the following equations '° '^^ Add corresponds to the lower bite, so 

the signal compnses only the low frequency component lO. 
In this way, in the lower sub fields, the vertical resolution is 

oi=/D+/i* (3) fimited to only the low frequency component fO, the number 

ol-jQ-fl' (4) ^^^^ ^ address period is thinned, and simultaneous 

65 addressing can be performed using identical data. 

As the lower n bits of fl' arc 0, the lower n bits of 01, 02 By dividing into plural vertical frequency components 

obtained by addition or subtraction of fO are output as values and selecting or rccombining addition or subtraction bits by 
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quantizing as described above, the resolution information in 
specific sub fields corresponding to desired bits can be 
limited, and address periods can thus be shortened. This is 
the characteristic feature of this invention. 

Hcreabove, the processing was described for signals of 5 
two adjacent lines, but data corresponding to lower sub 
fields may also be shared among plural fines regardless of 
whether they are adjacent or not adjacent. 

The arrangemeot of the processing circuit 202 when this 
is extended to four lines will now be described. 10 

FIG. 18 is an example of the processing circuit 202 used 
for extension to four lines. The bit smoothing circuit 200 
shown in FIG. 11 allows two line signals to be processed 
simultaneously, but the processing circuit 202 shown in FIG. 
18 is installed inside a bit smoothing circuit, not shown, 15 
wbich afiows pixels in four continuous fines in one field to 
be processed simultaneously. 

In FIG. 18, 210 is a fourth order Hadamard transform 
circuit which converts vertically adjacent pixels PI, P2, P3, 
P4 to four frequency components fO, fl, f2, f3, 211 is a 20 
fourth order Hadamard inverse transform circuit which 
performs an inverse transformation to convert four fre- 
quency components fO, fl', f2\ f3' to output pixels 01, 02, 
03, 04, 207 is the quantizing circuit which converts the low 
frequency component fl into fl', 212 is a quantizing circuit 25 
which converts the frequency component G to f2', and 213 
is a quantizing circuit which converts the frequency com- 
ponent f3 to Q\ 

The vertically continuous pixels PI, P2, P3, P4 are 
decomposed into the four frequency components fO, fl, £2, 30 
£3 by the Hadamard transform circuit 210. fO is the average 
(direct current component) of foiu- pixels showing the high 
frequency components fl, £2, f3. Subsequently, fl, f2, O are 
respectively input to the quantizing circuits 207, 212, 213, 
and quantization is performed according to quantizing char- 35 
acteristics determined by the control signal CB. In the 
example shown in FIG. 18, these components are quantized 
so that the lower two bits of fl' are "0", and the lower four 
bits of f2', f3' are "0". 

In the Hadamard inverse transform circuit 211, output 40 
pixels are generated and output from the frequency compo- 
nent fO and quantized fl', fZ', f3'. 

The computing process for the output pixels 01, 02, 03, 
04 performed by the Hadamard inverse transform circuit 



211 is shown by the following equations (5)-(8). 45 

oi-c/D+zio-K^'+P') (5) 

02^{J[i-¥fiy(f2'+f3') (6) 

03={A)-/l')-(/2--P') (7) 50 

04.(;D-/1X/2'-/30 (8) 



In the arrangement shown in FIG. 18, the quantizing 
characteristics of the quantizing circuit 212 relative to £2, 
and the quantizing characteristics of the quantizing circuit 55 
213 relative to Q, are set to be equal, and converted so that 
the lower four bits of £2', £3' are 0. As a result, the lower four 
bits in the computation results of (f2'+f3') and (f2'-f3') are 
"0**. Further, fl' is converted so that the lower two bits are 
"0**. From these conditions, as the output pixels 01-O4 are 60 
computed by adding or subtracting fO, fl', (£2'+f3') or 
(£2'-f3'), the values of the lower two bits of fO are output 
without modification, and the lower two bits of data are 
equal for four pixels. 

Next, comparing 01 and 02, as these pixels are obtained 65 
by adding or subtracting (£2 '+£3"), wherein the lower four 
bits are "0", to or from (fO+fl') in addition to the lower four 
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bits, the data is identical up to the fifth lower bit obtained by 
additbn or subtraction without carrying or borrowing from 
the lower bits. Likewise, comparing 03 and 04, as these 
pixels are obtained by adding or subtracting (£2'-£3'), 
wherein the lower four bits arc "0", to or from (fO-fl'), in 
addition to the lower four bits, the data is identical up to the 
lower five bits by addition or subtraction without carrying or 
borrowing from the lower bits. In other words, due to the 
setting of the quantizing characteristics shown in FIG. 18, 
from the fifth lower bit to to the third lower bit, the data is 
the same in two line units of 01, 02, 03 and 04, and for the 
second lower bit and first lower bit, all the data can be made 
the same from 01-O4. 

Due to the above processing, the two sub fields corre- 
sponding to the second lower bit may be simultaneously 
addressed in four Unes by idenfical data, and in the three sub 
fields corresponding to the region from the fifth lower bit to 
the third lower bit, simultaneous addressing may be per- 
formed in two lines by identical data. As a result, the address 
period of the sub field corresponding to the region from the 
fifth lower bit to the third lower bit can be shortened to 1/2, 
and the address period of the second lower bit and first lower 
bit can be shortened to 1/4. 

To make the input/output amplitude range the same, 1/4 
of the computational processing is required, but as in the 
case of the example shown in HG. 17, it can be achieved 
without any special hardware layer by setting the effective 
bits of the computing data, and is therefore omitted here. 
This may be done for example by making fO-D equal to 1/4 
in the output stage of the orthogonal transform circuit 210, 
or by making the amplitudes of the output pixels 01-04 
equal to 1/4. 

The processing techniques shown in FIG. 17 and FIG. 18 
coincide with compression and decoding (expanding a com- 
pressed signal) of image data using an orthogonal transform 
(Hadamard transform), and this is similar to the method 
where the quantizing is made coarser the higher the fre- 
quency components (£2, f3) are compared to the direct 
current component (fO). 

In other words, quantized bit distribution know-how 
acquired from image compression in the prior art is applied 
here, and a conversion is performed so that image deterio- 
ration is hardly visible. 

When an image signal, which has been compressed by an 
image compression technique using orthogonal transform, 
recorded and transmitted, is subsequently decoded, if the 
address period is first compressed, there is less missing 
information in the compressed transmission step, so a dis- 
play with fittle image deterioration can therefore be achieved 
in practice. 

By dividing the input signal into plural resolution infor- 
mation and limiting the resolution information of specific 
sub fields as described above, the address period can be 
shortened. 

By dividing into four vertical frequency components, 
selecting addition and subtraction bits by a quantizing means 
and recombining them, specific resolution information cor- 
responding to desired bits can be limited, and consequently 
the address control period can be shortened. Further, sub 
field and resolution limits can be controlled by varying the 
quantizing characteristics of frequency components by the 
control signal CB. 

The recombination of pixels from plural, divided fre- 
quency components is performed by a linear combination 
with a coefficient of "1" or "-1" as shown in Equations (3), 
(4), and (5)-(8). As a result, bits selected by the quantizing 
means are directly reflected in output pixels, and resolution 
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informatiDD ia specific sub fields corresponding to desired information of an image displayed on the display unit and a 
bits can easily be limited. In practice, a coefficient of 1/2 or drive circuit which addresses and iUxmiinatcs pixels of the 
1/4 is applied to make the input/output amplitude range the display unit based on the outputs of the input signal pro- 
same, and if the combination of output pixels is such that the cessing circuit and control circuit, wherein an image corre- 
cocfiBcient of frequency components is "K** or "-K", setting 5 spending to the input image signal is displayed by driving 
limits on resolution information in specific sub fields cor- the display unit with the drive circuit when the display 
responding to desired bits is easy to accomplish by setting resolution information is limited by the control circuit, and 
the quantizing characteristics. Therefore, orthogonal trans- the address periods which select the illuminated pixels of the 
forms other than a Hadamard transform can be used pro- display unit arc shortened. 

vidcd that there arc linear combinations using the two lO 5. A display apparatus according to claim 4, wherein said 

coefficients "K", "-K". control circuit shortens said address periods for one or more 

According to this invention, address periods are shortened sub fields comprising the lowermost sub field having the 

according to a required brightness, and the time thus gained minimum light-emission weighting, 

can be allocated to improving image quality such as 6. A display apparatus according to claim 4, wherein said 

brightness, gradation and false contour. 15 control circuit shortens said address periods for one or more 

By thinning data in lower sub fields having a relatively lower sub fields excluding the lowermost sub field having 

small light-emission weighting, image deterioration can be the minimum light-emission weighting, 

reduced. 7. A display apparatus according to claim 4, wherein said 

By thinning data in lower sub fields excluding sub fields control circuit is able to control the number of sub fields for 

having the lowest light-emission weighting, pseudo- 20 which said address periods are shortened by a setting from 

intermediate gradations such as dither or error scatter pro- outside the display apparatus. 

cessing may also be displayed. 8. A display apparatus according to claim 4, wherein said 

To obtain a high brightness display, data is thinned in a control circuit controls said display resolution information 

large number of sub fields and more time is assigned to the by selecting, processing and combining elements obtained 

sustain period, whereas for a low brightness/high detail 25 by splitting said display resolution information into plural 

display, sub fields with data thinning are reduced or com- frequency components. 

pletely eliminated. Hence, an image quality suited to the 9. A display apparatus according to claim 8, wherein said 

image content and user's intention can be obtained. control circuit multiplies said selected frequency compo- 

Further, by dividing an input image signal into vertical nents by a coefficient K, -K, and adds said components, 

frequency components, limiting the display resolution infor- 30 10. A display apparatus using a sub field which illumi- 

mation and shortening the time for which illuminated pixels nates addressed pixels of a display unit to display an image, 

are controlled, a high-quafity display which is not prone to comprising a display unit on which the pixels are arranged 

image deterioration can be realized. in plural lines, an image signal processing circuit which 

This invention may also be applied to other embodiments converts an input image signal into sub field data showing 
apart from those described above without departing from the 35 illumination or non-illumination of each sub field, a smooth- 
spirit or main features thereof. The above embodiments are ing circuit which performs control so that bit data of the sub 
therefore intended as examples in every aspect, and should field data are arranged in the plural hnes of the display unit, 
not be construed as limiting. The scope of this invention is a control circuit which controls address periods of the sub 
shown by the range of appended claims. Further, changes fields so as to arrange the bit data, and a drive circuit which 
and modifications within the scope of the appended claims 40 addresses and illuminates pixels of the display unit based on 
are all within the scope of this invention, the ou^uts of the image signal processing circuit, smoothing 

What is claimed is: circuit and control circuit, wherein the image is displayed by 

1. A display apparatus which displays an image by illu- driving the plural lines of the display unit while controlling 
minating pixels of a display unit, the apparams comprising address periods in predetermined sub fields, and arranging 
an input signal processing circuit which processes an input 45 the bit data. 

image signal, a control circuit which controls display reso- 11. A display apparatus according to claim 10, wherein 

lution information of an image displayed on the display unit said plural Hnes are simiiltaneously addressed by identical 

and a drive circuit which drives the display unit based on the data. 

outputs of the input signal processing circuit and control 12. A display apparatus according to claim 10, wherein 

circuit, wherein an image corresponding to the input image 50 said control circuit simultaneously addresses pixels in one or 

signal is displayed by driving the display unit with the drive more sub fields including the lowermost sub field having the 

circuit when the display resolution information is limited by minimum light-emission weighting, and shortens said 

the control circuit, and the illuminated pixel selection time address periods. 

of the display unit is shortened. 13. A display apparatus according to claim 10, wherein 

2. A display apparatus according to claim 1, wherein said 55 said control circuit simultaneously addresses pixels in one or 
control circuit controls said display resolution information more lower sub fields excluding the lowermost sub field 
by selecting, processing and combining elements obtained having the minimum light-emission weighting, and shortens 
by sphtting said display resolution information into plural said address periods. 

frequency components. 14. A display apparatus according to claim 10, wherein 

3. A display apparatus according to claim 2, wherein said 60 combinations of said plural lines vary in field or frame units, 
control circuit multiplies said selected frequency compo- 15. A display apparatus according to claim 10, wherein 
nents by a coefficient K, -K, and adds said components. combinations of said plural lines are different between sub 

4. A display apparatus using a sub field which illuminates fields in one field. 

addressed pixels of a display unit to display an image, 16. A display apparatus according to claim 10, wherein 

comprising an image signal processing circuit which per- 65 the number of sub fields in which said address periods are 

forms sub field conversion processing on an input image controlled, may be controlled from outside the display 

signal, a control circuit which controls display resolution apparatus. 
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17. A display apparatus according to claim 10, wherein ing step and control step, wherein the image is displayed by 
the number of lines for which said address periods are driving the phiral lines of the display unit while controlling 
controlled, may be controlled &om outside the display address periods in predetermined sub fields, and arranging 
apparatus. the bit data. 

18. A display apparatus according to claim 10, wherein 5 25. A display method according to daim 24, whereia said 
said phiral lines are two lines. plural lines are simultaneously addressed by identical data. 

19. A display apparatus according to claim 10, wherein 26. A display method according to claim 24, wherein said 
signal processing of said plural lines in said smoothing control step simultaneously addresses pixels in one or more 
circuit comprises the splitting of sub field data into plural sub fields including the lowermost sub field having the 
vertical components, selecting them and combining them. 10 minimum light-emission weighting, and shortens said 

20. A display apparatiis according to claim 19, wherein address periods. 

said smoothing circuit multiplies said split frequency com- 27. A display method according to claim 24, wherein said 

ponents by a coefficient K, -K, and adds said components. control circuit simultaneously addresses pixels in one or 

21. A display apparatus using a sub field which illumi- more lower sub fields excluding the lowermost sub field 
nates addressed pixels of a display imit to display an image, 15 having the minimum light-emission weighting, and shortens 
comprising a display unit on which the pixels are formed in said address periods. 

intersecting parts where a first line electrode and second line 28. A display method according to claim 24, wherein 

electrode are arranged to intersect, a conversion circuit combinationsof said plural lines vary in field or frame imits. 

which converts an input image signal to sub field data, a 29, A display method according to claim 24, wherein 

smoothing circuit which pcrfonns control so that bit data of 20 combinations of said plural lines are dififerent between sub 

the sub field data are arranged in plural lines of the second fields in one field. 

line electrode of the display unit, a control circuit which 30. A display method according to claim 23, wherein the 

controls address periods of the sub fields in which the bit nxmiber of sub fields in which said address periods are 

data are arranged, and a drive circuit which forms a drive controlled, may be controlled fi-om outside the display 

signal that drives the display unit based on the output of the 25 apparatus. 

control circuit, addresses pixels by driving at least the first 31. A display method according to claim 24, wherein the 

line electrode and illuminates the addressed pixels by driv- number of lines for which said address periods are 

ing the second line electrode, wherein the image is displayed controlled, may be controlled fi-om outside the display 

by driving the plural lines of the second line electrode of the apparatus. 

display unit while controlling address periods in predeter- 30 32. A display method according to claim 24, wherein said 

mined sub fields, and arranging the bit data. plural lines are two lines. 

22. A display method for displaying an image by iUumi- 33. A display method according to claim 24, wherein 
nating pixels of a display unit, comprising an input signal signal processing of said plural lines in said smoothing step 
processing step for processing an input image signal, a comprises the splitting of bit data into plural vertical 
control step for controUing display resolution information of 35 components, selecting them and combining them. 

an image displayed on the display unit and a drive step for 34. A control-drive circuit for driving a display apparatus 

driving the display unit based on the outputs formed by the which displays an image by illuminating pixels of a display 

input signal processing step and control step, wherein an unit, the control-drive circuit comprising an input signal 

image corresponding to the input image signal is displayed processing circuit rich processes an input image signal, a 

by driving the display unit when the display resolution 40 control circuit which controls display resolution information 

information is limited and the illuminated pixel selection of an image displayed on the display unit, and a drive circuit 

time of the display unit is shortened. which drives the display unit based on the outputs of the 

23. A display method using a sub field for illuminating input signal processing circuit and control circuit to iUumi- 
addressed pixels of a display unit to display an image, nate the pixels, wherein the display resolution information is 
comprising an image signal processing step for performing 45 limited by the control circuit, and the illuminated pixel 
sub field conversion processing on an input image signal, a selection time of the display unit is shortened, 

control step which controls display resolution information of 35. A control-drive circuit for driving a display apparatus 

an image displayed on the display unit, and a drive step using a sub field which illuminates addressed pixels of a 

which addresses and illuminates pixels of the display unit display unit to display an image, comprising an image signal 

based on the outputs of the input signal processing step and 50 processing circuit which performs sub field conversion 

control step, wherein an image corresponding to the input processing on an input image signal, a control circuit which 

image signal is displayed by driving the display unit when controls display resolution information of an image dis- 

the display resolution information is limited by the control played on the display unit, and a drive circuit which 

circuit, and the address periods which select the illuminated addresses and illuminates pixels of the display unit based on 

pixels of the display unit are shortened. 55 the outputs of the input signal processing circuit and control 

24. A display method using a sub field for addressing and circuit, wherein the display resolution information in pre- 
illuminating pixels of a display unit on which the pixels are determined sub fields is limited by the control circuit, and 
arranged in plural lines so as to display an image, compris- the address periods of the display unit are shortened by the 
ing a step for inputting an image signal, an image signal drive circuit. 

processing step for converting an input image signal into sub 60 36. A control-drive circuit for a display apparatus using 

field data showing illumination or non-illumination of each into a sub field which illimiinatcs addressed pixels of a 

sub field, a smoothing step for performing control so that bit display unit to display an image, comprising an image signal 

data of the sub field data are arranged in the plural lines, a processing orcuit which converts an input image signal into 

control step for controlling address periods of the sub fields sub field data showing illumination or non-illumination of 

in which the bit data are arranged, and a drive step for 65 each sub field, a smoothing circuit which performs control 

addressing and illuminating pixels of the display unit based so that bit data of the sub field data are arranged in plural 

on the outputs of the image signal processing step, smooth- fines of the display unit, a control circuit which controls 
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address periods of the sub fields to arrange the bit data, and predetermined sub fields and arranges bit data is obtained as 
a drive circuit which addresses and illmnioatcs pixels of the an output for driving the plural lines of the display unit 
display unit based on the outputs of the image signal 
processing circuit, smoothing circuit and control circuit, 

wherein a drive output which controls address periods in ♦ ♦ ♦ ♦ * 
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